Because of the difference in size between man and, for example, the rat, the radiativc energy disposition pattern with respect to the configuration of the body is quite different. Consequently one cannot necessarily extrapolate to man results obtained with small animrls or bacteria. While the basic mechanism may be the same, !he depth-dose relationships and the tissue interactions must vary from case to case. For these reasons, it was felt that useful information bearing on the probable radiation responses of man could be obtained from experiments using mammals of comparable size.
The experiments reported here were undertaken as a part of a prcgram to attempt to establish a quantitative correlation between dose absorbed by large mammals (principally sheep), and subsequent measurable alterations in the physiological state ol the organism.
The present research was based on several previously reported experiments.
It has been reported that patients undergoing radiation therapy showed increased serum zinc levels (reference 1). There have been many reports of altered serum enzyme levels in various mammalian species, including man, as a result of irradiation (references 2 through 13). Zinc is known to be required by a number of enzyme systems, including some of those in which radiationinduced alterations oL activity have been observed (references 14 through 17).
In other studies, end products of these enzyme reactions have been observed to vary in both humans and experimental animals after irradiation (references 18 through 21). It has been postulated that, from an investigation of serum zinc levels following irradiation, a pattern of response might evolve, and that this parameter might be useful as a biological indicator of exposure to ionizing radiation.
A pilot study with guinea pigs as the experimental subjects was previously carried out to determine whether there was a dose-dependent alteration of serum zinc levels following exposure to ionizing radiation. 
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this etudy are shown in figure 1 , where the observed serum zinc levels are plotted as a function of time post irradiation for several dose levels. Note the large variation among the subjects receiving the same dose, as indicated by the error bars. This study was limited by several technical difficulties.
Because guinea pigs are small, complete exsanguination was required for the duplicate determination of serum zinc levels; thus, a new group of subjects was used f'-r eaJ.h point in the time-course of the experiment. The time dependence of the response of an individual could not be followed, nor could postirradiation values for an individual be compared with a pre-irradiation value for that individual. Furthermore, the guinea pig does not satisfy the requirement that the experimental subjects have a body mass comparable to that of man.
The investigation into the alteration of serum zinc levels was then begun on three larger inammalian species --sheep, beagle dogs, and "miniature" swine.
The relatively large blood volume of these animals allowed multiple pre-and post-exposure values to be determined. The involvement of zinc in dehydrogenase reactions led to the inclusion of malic and lactic dehydrogenase as parameters to be measured also. Serum copper and two transaminases were included in the study because of interest by tie professional/technical personn2l at the Omaha Veterans Administration Hospital (OVAH). Finally, a more detailed study of the serum levels of these enzymes was carried out in sheep following exposure to either pulsed fission-spectrum neutrons or 250-kvp X rays. This report will be concerned primarily with the enzyme studies, although the results on serum zinc and copper will be introduced as appropriate.
A'dL-TR-65-112 at AFWL were frozen and shipped to OVAH for processing.
Irradiation Procedures
A Picker Co 6 0 teletherapy unit with a 500-curie source was used as the gamma-ray source. Dogs were irradiated in lucite boxes and were exposed at either 5.0 R/min or 4.4 R/min midline air dose (MAD). Swine were irradiated in heavy wooden cages, and were exposed at 3.2 R/min MAD. Sheep were irradiated in plywood boxes, and were exposed at 1.2 R/min MAD. Exposure rates were measured with a Siemens-Reinigemerke R meter.
The X-ray source was a standard 250-kvp (HVL -1.56 mm Cu) therapeutic unit modified to produce a wide X-ray field. The X rays were filtered through 1 mm Al and 0.56 mm Cu. The midline air dose delivered was 10 R/min, and the energy delivered was equivalent to 97 key. The sheep were held and exposed in wooden crates. Dosimetry was carried out by radiophotoluminescent glass rod and ionization chamber techniques described elsewhere (reference 24).
The neutron source was the Sandia Pulsed Reactor Facility (SPRF), which produces fission-spectrum neutrons in bursts of 50 microseconds. These sheep were also irradiated in wooden crates. The dose can be controlled both by the reactor controls and by the positioning of the sheep. Dosimetry was carried out at AFWL (reference 25) and included activation and fission-foil analysis for neutrons, and glass rods for associated gamma radiation. The neutron-togamma ratio was 5:1. 
General Coimnents
In this section some representative results will be presented briefly.
Although detailed comment will be reserved for the discussion, it should be pointed out here that the results are largely negative in terms of the objectives of this study.
In view of the overall character of the data, only a small part of them are presented here.
Because of the similarity of the results obtained in all species, this presentation will be confined largely to the data obtained from sheep experiments.
Reference is made to several data population classes which are defined as follows:
a. Baselinet Values obtained from the entire population before the eginning of irradiation exposures.
b. Controls: Animals subjected to treatment identical to the irradiated subjects except that they wete not exposed to the radiation source. These animals were crated, transported, and bled so as to induce in them as nearly as possible the same basic physiological state as the irradiated subjects.
c. Irradiated Subjects: These animals were e;posed to the radiation environment specified in each case. These subjects are further subdivided operationally into two subclasses:
(1) Lethals: Those which died as an apparent result of the radiation received.
(2) Survivors: Those which did not.
Serum Zinc Levels
Serum zinc levels in sheep at various times after irradiation with various doses of Co 6 0 gamma radiation are shown in figure 2 and table I. Units are pg % (micrograms of Zn per 100 ml plasma).
In figure 2 , the shaded area indicates the aggregate average of the controls and one standard deviation above and below.
The points indicate the averages for each irradiation level and time, as well as the corresponding average of all controls at that time.
Note that all averages of exposed groups fall well within one standard deviation of the control mean.
Because of the spread in values observed, and because one objective of the study was to establish possible dose-response patterns relevant to man, a study was done at OVAH on Zn levels in human plasma. Eighty-four subjects were used, yielding an average of 92 pg percent and a standard deviation of 17 percent.
Several subjects in this study were sampled repeatedly over a period of weeks to determine the variations within an individual. The ranges (in vg percent) for these individuals are given in table II. In some of these subjects, differences of nearly a factor of 2 were observed as a functien of time.
Serum Copper Levels
The results of the serum copper analyses are qualitatively similar to the serum zinc results, except that the observed variations are similar. Generally, both subjects and control groups differed from the baseline values by less than 10 percent. These results, it should be noted, were obtained with dogs and swine, since serum copper determinations in sheep were not attempted.
Serum Enzyme Levels
In this section we will deal with the results obtained by high-dose irradiation of sheep by X rays and neutrons. The enzymas selected for the study were serum glutamic-oxalacetic transaminase (SGOT). serum glutamic-pyruvic transaminase (SGPT), and the zinc-requiring dehydrogenases of lactic acid (LDH) and
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These data have been chosen as representi^.g the most significant radiationdependent changes in enzyme levels. The enzymes other than SGOT, at doses less than 518 R, tend to show fewer differences between controls and subjects.
Moreover, although no detailed quantitative tests have been carried out, the other results appear to have even less statistical significance than those shown in tables III to IX.
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Trace Element Levels
In the serum zinc levels there is at least a suggestion of a radiationinduced alteration in some instances. It would be difficult to maintain, for example, that the serum zinc elevation in guinea pigs shown in figure 1 is a matter of chance.
The relatively large number of subjects in the pilot study lends credence to these results. Moreover, for certain post-irradiation times in sheep, the mean serum zinc levels for every irradiated group lies to one side or the other of the control mean (figure 2). Similar results were noted in swine and dogs.
As noted earlier, no significant differences were observed between the serum copper levels of controls and irradiated subjects, either in dogs or in swine.
Even though serum zinc results at one time or another appear to be significant, they are of no practical value in in vivo dosimetry. In figure 2 , for example, although all the irradiated subject means at 108 hours lie above the control mean, they are still within one standard deviation of the control mean as measured over the entire course of the experiment and indicated by the cross- We shall return to the question of individual variation later.
Serum Enzyme Levels
In subjects exposed to 250-kvp X rays, no alteration in serum enzyme levels was found which could be attributed to the radiation (tables IIIb to IXb).
This was true even for subjects exposed to 518 rad, a dose which was lethal for all eight of the subjects. Similarly, no enzyme--level alteration could be attributed to pulsed-neutron irradiation in the two lower dose levels (359 rads and 218 rads). At higher dose levels, however, some interesting results were obtained.
At a dose of 518 rads, SGOT in survivors appeared to be consistently elevated over the controls after the first 6 hours. Surprisingly, nonsurvivors did not exhibit this marked increase in serum SGOT levels (table IIIa) . Similar results were obtained with SGOT at 476 rads, (table VIIa) , and with LDH at 518 rads (table Va) Obviously a three-to six-fold variation in the normal population would obscure any effects resulting from radiation. These effects, if they are at all real and consistent, appear to be much smaller.
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Individual Variations
The ubiquity of the phenomenon of individual variation has been discussed in detail (reference 31 It has been pointed out that "the SGOT activity cannot be used as a specific test for cardiac injury in patients suffering bodily trauma, inasmuch as over 50 percent of such injured patients may show elevated activity that is unrelated to demonstrable cardiac injury."
(quoted in reference 32).
In addition it has been reported that a variety of strong stimuli will induce significant alterations in blood transaminase activity (reference 33). Both bodily trauma and strong psychological stimuli would certainly be expected in human populations exposed to large radiation doses. Further examples of serum en-yme alterations caused by sources other than radiation may be found in the reviews of Frajola et al; (references 34,
35) and Zimmerman and West (reference 36).
In view ot the number of causes of serum enzyme alteration reported in the literature, it would be unjustified to claim that the results reported here clearly demonstrate a radiation-induced change.
On the basis of the literature, we can certainly explain the day-to-day variation of the controls; the poor statistics obtained throughout the experiment can be attributed to handling of the animals, nunspecific injuries, feeding variations, etc. But at the same time, these explanations could also be advanced as the cause of the only slightly greater variation in the irradiated subjects.
One interesting point with respect to variation is that the controls for X-ray experiments are far more uniform than those for the neutron experiments.
While the reason(s) for this difference cannot be stated with certainty, it is AFWL-TR-65-112 probably a result of different handling of the two control groups. The X-irradiated sheep were merely moved about in the same general location as their holding pens, and were handled by personnel to whom they had become accustomed; but the neutron-irradiated sheep were transported by truck to a remote location, and were handled by personnel unfamiliar to them. Taking into account the reports cited above, as well as our own observations on the response of these animals to various stimuli, it is reasonable to suppose that the added stress to which the second group was exposed could account for the differences observed.
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CONCLUSIONS
The experiments reported here indicate that individual variation and nonspecific changes with time of the biological parameters measured render a "baseline" concept of diagnosis virtually useless so far as radiation damage
Ts concerned.
Because of the large range of normal (control) values, the appearance in a subject of an alteration in any of the parameters studied here cannot realiably be attributed to the effect of radiation. While the results regarded as a whole do suggest radiation-induced alteration's in some serum enzyme levels, they are not qijantitatively related to dose. In particular the radiation dose received by an individual cannot be determined from these parameters. 
2.
Transfer to a test tube containing 1-2 drops of heparin. Cover with parafilm and mix gently.
3.
Centrifuge at 3000 rpm for about 15 minutes.
4.
To 2 cc of nonhemolyzed plasma or serum in a centrifuge tube, add 2 cc of 10% HCU, mix well and permit to stand 10 minutes.
5.
Next add 2 cc of 20% TCA, again mix well, and permit to stand 10 minutes.
6.
Cover the tubes with parafilm and centrifuge at 3000 rpm for 30 minutes.
7.
Pipette a 3 cc aliquot of the clear super-natant into a separatory funnel, add one drop of methyl orange, end titrate to the color change (pH 3.5)
with NH 4 OH.
8. Bring total volume to 10 cc with demineralized water. 9 . Add 5 cc of acetate buffer and 1 cc of 20% sodium thiosulfata.
10
. DARKEN ROOM -so that there is no direct lighting. Darkroom lamps may be used.
11.
Add 5 cc of 0.001% Dithizone (from aburet) to the contents of the separatory funnel and shake vigorously for 2 minutes.
12.
Plug the funnel stem with glass wool, fill and cover the silica curvettes.
13.
Read optical density at 520 microns. Avoid exposure to strong light.
14.
Reagent blank -steps 4 -13.
Replace serum or plasma with demineralizea--water.
15.
Standard curve -from standard stock solution make concentrations of zinc corresponding to 0.5, 1.0, 1.5, 2.0 and 2.5 Vg/cc. Follow steps 4 -13 using these standards in place of plasma or zinc.
16
. DU set at zero optical density with reagent blank.
RESULTS
Reproducibility Study: Of a total group of 30 samples, determined gravimetrically to contain 4.0 pg of zinc, the following reproducibility data were obtained. Recovery: A large pool of plasma was split into two ser:'.es: a control series and a series composed of controls to which 1.00 ug oi zinc was added. Based on the results of the controls, the recovery was calculated in the following manner.
Actual Recovery X 100 % Recovery -- 
